Background: we aimed to compare socio-demographic and clinical differences between patients with versus without current RC in order to detect clinical factors that may favor early diagnosis and personalized treatment. Methods: A total of 1675 patients (males: n = 714 and females: n = 961; bipolar 1: n = 1042 and bipolar 2: n = 633) from different psychiatric clinics were grouped and compared according to the current presence of RC in terms of socio-demographic and clinical variables. Chi-squared tests for qualitative variables and Student's t tests for quantitative variables were executed for group comparison, and multivariable logistic regressions were performed, considering the current presence of RC as dependent variable, and sociodemographic/clinical factors as independent variables. Results: Female gender (male versus female: OR = 0.64, p = 0.04), unidentifiable prevalent polarity (versus depressive polarity: OR = 1.76, p = 0.02; versus manic polarity: OR: 2.86, p < 0.01) and hospitalization in the last year (no versus yes: OR = 0.63, p = 0.02) were found to be associated with RC in the final multivariable regression analysis. Conclusions: RC in BD seems to be more prevalent in female gender and associated with some unfavorable clinical features, such as an increased risk of hospitalization. These aspects should be taken into account in the management and monitoring of RC versus non-RC patients.
Introduction
Bipolar Disorder (BD) is a prevalent psychiatric condition, associated with high disability and poor social functioning [1] . This condition affects about 2.4% of the adult population lifetime if the broader definition of bipolar spectrum disorders is considered [2] , and, although prevalence rates may be different between countries for methodological issues [3] , severity and impact of BD are similar internationally [2] . In Italy about 3% of the general population seems to suffer of a bipolar spectrum disorder [4] . BD has a tremendous impact on patients' and caregivers' lives and it has been associated with high rates of divorces and volatility of social relationships [5] . Clinical management of patients with BD can be challenging in light of frequent juvenile onset [6] , misdiagnosis with other psychiatric diagnoses (especially major depression and psychotic disorders) [7] and high suicidal risk [8] .
Several clinical factors have been associated with poor outcome of patients with BD including early onset [9] , elderly status [10] , long duration of illness [11] , long duration of untreated illness [12] , lifetime presence of psychotic symptoms [13] [14] [15] or rapid-cycling (RC) [16] , while the role of other variables, such as gender, on BD outcome is still controversial [17] . Of note, RC, defined by at least significant part of patients with BD [18] and different factors have been reported to increase the risk of RC in BD, including early age at onset [19] and tricyclic antidepressant treatment [18] . Some authors argue that RC can be a transient phenomenon of patients with BD [20] and that treatment with antidepressants may worsen its outcome over the course of BD [21] . Of note, RC patients with BD (RCBD) were found to have more mood episodes, suicide attempts [22] , and more frequent comorbidity with obesity [23] and diabetes [24] than subjects affected by non-rapid cycling BD (NRCBD). Associated unfavourable clinical features and frequent medical comorbidity both contribute to the poor psychosocial functioning of RC patients, especially in terms of work impairment [25] .
Pharmacotherapy may be less effective in RC than in NRC patients with BD, making long-term stabilization of these subjects particularly difficult [26] . Patients with RCBD may benefit of combined pharmacotherapy [27] , or of augmentative psychological or biological approaches to pharmacological treatment [28] , but available data are far to be conclusive about this topic [16] .
Overall, RCBD appears to be a subtype of illness associated with worse outcome, potentially characterized by more severe biological abnormalities. More specifically, patients with RCBD (compared to NRCBD) seem to present more oxidative stress and a higher susceptibility to hypothyroidism and insulin resistance [29] .
Taken as a whole, different clinical factors may contribute to the overall severity of RCBD compared to NRCBD, some of which are still controversial, such as early age at onset [30] . The search or the confirmation of clinical predictors of RC is motivated by the possibility of implementing specific prevention strategies that avoid the onset of this more severe form of illness, and by the elaboration of personalized treatments for these patients. In this framework, the purpose of the present study was to investigate, in a large representative sample of Italian patients with BD, a wide series of socio-demographic and clinical features common to and differentiating RCBD and NRCBD patients, with the aim to identify factors that may favor an early diagnosis and a personalized treatment for patients with RCBD.
Methods
A total sample of 1675 patients with BD, corresponding to 83.8% of a target considered as optimal in the planning phase of the exploratory survey, was enrolled from different Italian psychiatric clinics in the context of RENDiBi project (National Epidemiological Research on Bipolar Disorder). The data have been collected for patients consecutively afferent to the different clinics between 1 st April 2014 and 31 st The protocol was approved by the local Ethics Committees. Patients were diagnosed as affected by BD according to DSM-IV-TR (Diagnostic and Statistical Manual of Mental Disorders) criteria [31] .
Diagnoses were made by expert psychiatrists, who had regularly followed up the interviewed patients, and confirmed by the MINI International Neuropsychiatric Interview [32, 33] . Patients consecutively presenting at outpatient or inpatient services were selected for the purpose of the study.
Clinical information was obtained through a review of the clinical charts and clinical interviews with patients and available relatives. Data were entered into an electronic central database (electronic Case Report Form: e-CRF). Collected data included the following socio-demographic and clinical variables divided in three clusters:
-cluster 1 (socio-demographic variables): age, gender, education, employment, marital status (at least 1 lifetime marriage or partnership), living alone; cluster 2 (lifetime clinical variables): age at onset of BD, age at first pharmacological prescription (including benzodiazepines), age at first contact with psychiatric services, first psychiatric diagnosis, family history of psychiatric disorders (fathers and mothers), age at first psychiatric diagnosis, age at first diagnosis of BD, age at first being prescribed mood stabilizer/atypical antipsychotic, duration of illness, duration of untreated illness, polarity of first episode, lifetime number of manic episodes, lifetime number of depressive episodes, prevalent polarity; -cluster 3 (clinical variables-last year of observation): type of current episode, number of hypomanic/manic episodes, number of depressive episodes, presence of psychotic symptoms, presence and number of attempted suicides and the degree of lethality, comorbidity with substance use disorders, presence of hospitalizations, presence of insight, attribution of symptoms to a psychiatric disorder, current pharmacological treatment, treatment adherence, number of visits, administration of psychoeducational interventions (according to Colom's model) [34] .
Duration of untreated illness was considered as the time between first episode of BD and the prescription of a proper pharmacological treatment (mood stabilizer or atypical antipsychotic with stabilizing effects) [7, 27] .
Prevalent polarity was evaluated according to the Barcelona proposal and it was then defined as at least two-thirds (2/3) of the total number of past episodes being from the same polarity [35] .
Lethality of suicide attempts was rated according to global impression of Scale for Assessment of Lethality of Suicide Attempt (score 1-2: low; score 3: medium; score 4-5: high) [36] .
Exclusion criteria included: 1) patients who had not been screened in the last 12 months making it impossible to collect data of cluster 3 variables (last year of observation); 2) patients whose clinical information were incomplete; 3) patients with a diagnosis of dementia, mental retardation or other medical conditions (e.g. thyroid disease) potentially associated with an increased risk of RC [37] .
The sample size of this cross-sectional study has been calculated in order to have a satisfactorily precision of estimates taking into account the power (0.80) of binomial tests against expected values ranging from 0.05 and 0.30 or 0.70 and 0.95, carried out at a significance level of 0.05. In the current case of a very big sample size unbalanced between the two groups, there is "a posteriori" power of more 0.80 for demonstrating a difference of 0.14 from a baseline of 0.50 at a chi-squared test carried out at a significance level of 0.05; in addition, the difference decreases at increasing values of the baseline. Furthermore, with the current sample sizes it is possible to demonstrate at a power of 0.80 an effect size of at least 0.3 at a Student's t-test carried out at a significance level of 0.05 (two-tailed).
Descriptive analyses of the total sample were performed. The total sample was then divided in two groups according to the current presence of RC according to DSM-IV-TR criteria, consisting in the presence of at least 4 mood episodes over a 12-month period [31] . We chose to consider the current presence of RC (in the last year) since, as mentioned before, this phenomenon seems to be transient [20] . The two groups were compared for the abovementioned variables by t-tests for quantitative variables and chi-square tests for qualitative ones.
Owing to the large number of variables statistically related to the dependent variable (the presence of current RC) at the univariate analyses, preliminary multiple logistic regression analyses (one for each of the abovementioned clusters) were performed including only statistically significant variables. Finally, statistically significant variables from these final models were inserted in a new global starting multivariable logistic regression model to obtain the variables independently associated with the presence of current RC. Age, despite a statistically non-significant variable at univariate analysis, was inserted in the final model because the likelihood of developing rapid-cycling increases with the duration and chronicity of BD [11, 38] .
The selection of the variables was done according to a backward procedure; the goodness of fitting was assessed by the Hosmer-Lemeshow test.
The level of statistical significance was set at p 0.05. Statistical analyses were performed by SAS1 9.2 version.
Results
The total sample included 1675 patients: 714 males (42.6%) and 961 females (57.4%). Overall, 128 patients of the total sample presented current RC (7.64%). Patients had an age between 18 and 80 (mean: 48.61 AE13.44). Descriptive analyses of the total sample and groups divided according to the presence of current RC are reported in Tables 1, 2 and 3. RC versus non-RC patients resulted to be more frequently of female gender (p = 0.03) and to have more frequently: a first diagnosis of BD, family history of psychiatric disorders and specifically of Major Depressive Disorder (patients' mothers) (p = 0.04), comorbid eating disorders and substance misuse (p = 0.04), a longer duration of illness (p = 0.04), a lifetime number of manic (p < 0.01) or depressive episodes (p < 0.01) > 6, an unidentifiable prevalent polarity (p = 0.03), history of psychotic symptoms in the last year (p < 0.01), a higher number of suicide attempts in the last year (p < 0.01), poor insight (p < 0.01), and positive history of at least one hospitalization in the last year (p < 0.01). In addition, patients with RC had less frequently a current treatment with mood stabilizers (p = 0.03) and antidepressants (others than tricyclic ones) (p = 0.02).
The results of the goodness-of-fit-test (Hosmer and Lemeshow Test: χ 2 = 2.28, df = 8, p = 0.97) showed that multivariable logistic regression model including socio-demographic/clinical variables as possible predictors of the current presence of RC was reliable. Of note, patients with RC versus non-RC subjects resulted: to be less frequently of male gender (OR = 0.64, p = 0.04), to have more frequently no lifetime depressive episodes than a lifetime number of depressive episodes between 1 and 5 (0 versus 1-2 episodes: OR 2.87, p < 0.01; 0 versus 3-5 episodes: OR = 5.29, p < 0.01), to have less frequently no lifetime manic episodes than more than 6 lifetime manic episodes (OR = 0.57, p = 0.06, borderline statistical significance), to present more frequently an unidentifiable prevalent polarity than a depressive (OR = 1.76, p = 0.02) or hypomanic/manic one (OR = 2.86, p < 0.01), to be more frequently hospitalized in the last year (no hospitalizations versus at least 1 hospitalization: OR = 0.63, p = 0.02) ( Table 4 , Fig. 1 ).
Discussion
The first relevant epidemiologic finding of the present largesample multicentric study is represented by the current prevalence of RC in BD, which was found to be 7.65% of the overall sample. This figure is inferior to those reported in other papers [39] , but this can be explained by different reasons including the type of assessment of RC (e.g. current versus lifetime), the way of selection (e.g. in general medicine services or psychiatry clinics or community) or the tools used to make diagnosis (e.g. MINI versus CIDI-Composite International Diagnostic Interview) [40] .
The results of the present manuscript confirm that the current presence of RC in BD is associated with a series of unfavourable characteristics, including: a longer duration of illness, more lifetime manic episodes (! 6), a higher recent number of depressive and hypomanic episodes, a higher number (but not the presence) of recent suicide attempts, a higher frequency of psychotic symptoms (in the last year) and of family history of psychiatric disorders (patients' mothers), poor insight and a higher frequency of recent hospitalization (in the last year). The results are even more robust (having been confirmed by multivariable regression model) regarding the association between RC with female gender and recent hospitalization (in the last year).
The association between RC and a longer duration of illness has been reported in other socio-cultural contexts [22, 41] , supporting the hypothesis of some authors that consider RC a transient phenomenon [17] [18] [19] 42] which could be more frequent in the advanced stages of illness. In this sense, RC could be considered a clinical marker of chronicity [18] rather than a variable of poor prognosis of subjects with recent onset of illness.
It is not surprising that patients with RC present more family history for psychiatric disorders only on the maternal side, as mothers are those who transmit more genetic material to the offspring through mitochondrial DNA [43] ; the interesting result is that mothers with MDD, but not BD would appear to confer Table 1 Socio-demographic variables of the total sample and of the two groups divided according to the presence of current rapid-cycling.
Variables
Total vulnerability to RC in offspring affected by BD. This finding should be interpreted with caution, taking also into account that female gender is more vulnerable to both RC and MDD [44] , and this aspect could have contributed to a significant result for mother and not fathers. However, the higher probability of MDD in mothers of RC patients is in agreement with previous studies reporting more frequent family history of BD [45] or Panic Disorder [46] in RC versus NRC patients, supporting the view that this subtype of BD would be expression of a more prominent predisposition to psychiatric conditions. Different studies have reported no association of psychotic symptoms with RC [47, 48] , differently of what was found in our sample. However, it needs to be highlighted that the statistical significance of this variable did not persist in the final model, and that this result can be due to the type of assessment of psychotic symptoms (lifetime versus current) and/or to the fact that in our and other samples [49] RC patients presented more manic episodes compared to NRC individuals. A higher number of suicide attempts in RC versus NRC patients has been previously reported by European [19, 50] and extra-European studies [22, 51] . Of note, female gender has been associated with suicide attempts in RC patients [52] , supporting the hypothesis of a crucial role of sex hormones on the clinical course of BD [53] . Similarly, a higher presence of poor insight in RC versus NRC subjects has been reported by other authors [54] , this aspect being consistent with the supposed long duration of illness and more advanced staging of this subtype of patients [55] . Finally, subjects with RC resulted to receive less frequently a current treatment with mood stabilizers and antidepressants. This result is in agreement with previous literature that reports less efficacy of lithium in RC versus NRC patients [56] and a potential role of antidepressants in the development and worsening of RC [57] . The two most robust results of the present manuscript, remaining statistically significant in the final multivariable model, are the associations of RC with female gender and recent hospitalization. Indeed, a higher frequency of RC in women than men is one of the most replicated findings across studies about this topic [58] . Different hypotheses have been formulated about the association of female gender with RC, including the fact that some risk factors for RC are more prevalent in women than in men, such as cyclothymia [58] or suicidal ideation [19] . Other authors have hypothesized that female gender is more susceptible to RC as a result of higher frequency of BD type 2 in women than men [39, 59] ; however, a previous analysis on our sample about differences between patients with BD 1 versus 2 did not reveal a significant association of type of cycling with bipolar subtype [60] . Finally, the result of a higher frequency of recent hospitalization in RC versus NRC subjects is of clinical interest, as it stresses how pharmacological stabilization of these patients can be challenging [61] and that this particular subtype of BD requires careful monitoring to avoid social impairment and elevated costs associated with frequent hospitalization [62] .
Taken as a whole, the results of the present manuscript would confirm that RC can be considered a marker of more advanced staging of illness and that RC patients require careful clinical monitoring to prevent recurrent hospitalization also in the light of a more frequently observed poor compliance. These findings are in agreement with previous literature. Finally, female gender is at risk of RC and women affected by BD should receive a personalized treatment aimed to guarantee clinical stabilization. Future research would investigate the Table 3 Clinical variables of the total sample and of the two groups divided according to the presence of current rapid-cycling (last year of observation interconnection between different variables associated with BD outcome such as suicidal ideation, female gender and RC. These limitations of the present research article need to be taken into account: 1) the different settings of care (in several Italian regions) may have impacted on the clinical features of the sample (e.g. the availability of psychoeducation to improve insight of patients with BD);
2) some data were collected retrospectively (e.g. number of mood episodes) and they might have not been always as accurate as in controlled studies;
3) the lack of a prospective monitoring due to the crosssectional nature of the study; 4) the limited number of RC patients; 5) the impossibility to extrapolate data for the single pharmacological compounds (e.g. lithium); 6) the lack of complete information about family history of psychiatric disorders; 7) patients received a treatment which might have influenced some clinical features (e.g. some compounds might be more effective in the clinical stabilization of RC patients) [16] . With regard to the last point it has been highlighted that in our sample the only compounds that resulted to be differently prescribed in the two groups in the last year were mood stabilizers and antidepressants (other than tricyclics). Antidepressants were more frequently prescribed in patients without rapid-cycling so that the administration of these compounds has not massively influenced the main results of this research (the association of RC with female gender and recent hospitalization). Mood stabilizers have a comparable effect on RC [16] ; olanzapine and aripiprazole are reported to be promising in the long-term treatment of patients with RC [16] , we have no information about the administration of single compounds, however the groups divided according to the presence of RC did not present a statistically significant difference in the frequency of prescription of antipsychotics.
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